The Target Of Rapamycin (TOR) signaling pathway is known to regulate growth in response to 16 nutrient availability and stress in eukaryotic cells. In the present study, we have investigated the TOR 17 pathway in the white-rot fungus Phanerochaete chrysosporium. Inhibition of TOR activity by 18 rapamycin affects conidia germination and hyphal growth highlighting the conserved mechanism of 19 susceptibility to rapamycin. Interestingly, the secreted protein content is also affected by the 20 rapamycin treatment. Finally, homologs of the components of TOR pathway can be identified in P. 21 chrysosporium. Altogether, those results indicate that the TOR pathway of P. chrysosporium plays a 22 central role in this fungus. 23 24 Key words 25 Phanerochaete chrysosporium; Target of Rapamycin; rapamycin 26 27 65 growth and secretome composition. By combining genome mining, structure modeling, we identified 66 in this study the TOR signaling pathway of P. chrysosporium and highlighted its role in regulating the 67 extracellular secreted protein composition. 68 Material and methods 69 Fungal strain 70 The homokaryotic strain P. chrysosporium RP78 was used in this study. This is the most widely used 71 strain of P. chrysosporium in studies posterior to 2000, especially after its genome sequence was 72 published in 2004 (23). A version 2.0 of genomic database is available on 73 https://genome.jgi.doe.gov/Phchr2/Phchr2.home.html. The mycelium is maintained on solid malt 74 extract agar medium (20g.L -1 and 30g.L -1 respectively).
Introduction 28
The Target Of Rapamycin (TOR) signaling pathway is highly conserved among eukaryotes and 29 regulates essential cellular processes including protein synthesis, ribosome biogenesis, autophagy, 30 and cytoskeleton organization (1) . In fungi, the TOR pathway is involved in the response to nutrient 31 resources availability, this being true for carbon and especially sugar and nitrogen (2,3). TOR is also 32 involved in the stress responses, such as osmotic and oxidative stresses (4-6).
33
The serine/threonine-protein kinase TOR, firstly identified in Saccharomyces cerevisiae (7) is the 34 central component of the TOR signaling pathway. This kinase interacts with other partners to form 35 two multiprotein complexes named TORC1 and TORC2. Both complexes regulate their targets by 36 phosphorylation. Of these two complexes, only TORC1 is sensitive to rapamycin (8,9). Rapamycin 37 binds to FK506 Binding Protein 12 (FKBP12) and the FK506 Rapamycin Binding (FRB) domain of TOR 38 resulting in the inhibition of the TOR kinase activity and cell growth arrest. The sensitivity to 39 rapamycin has permitted to decipher the TOR signaling pathway in numerous organisms. In fungi, the 40 yeast models S. cerevisiae and Schizosaccharomyces pombe have been extensively studied even if the 41 first report of the antifungal activity of rapamycin has been obtained with the human pathogenic 42 fungus Candida albicans (10). Since, rapamycin has been successfully tested either with pathogenic 43 fungi such as Cryptococcus neoformans (11), Botrytis cinerea (12), Mucor circinelloides (13), Fusarium 44 graminearum (14), or soft rot fungi (15) . Sensitivity to rapamycin has been observed in all fungal 45 lineages tested underlying conservation of the targets: TOR complexes and the mechanism of action, 46 the TOR signaling pathway (16) . Most studies on fungal TOR signaling pathways have been conducted in ascomycetes, while data on 48 basidiomycetes other than C. neoformans are scarce (13, 16) . In Pleurotus ostreatus for instance, the 49 TOR gene is duplicated and orthologs of the TOR pathway are present suggesting a conservation of 50 that signaling pathway. Recently, a link between SLT2-MAPK, involved in the cell wall integrity 51 signaling, and the TOR pathway has been reported in the edible mushroom and medicinal fungus 52 Ganoderma lucidum (17) . In that case, TOR signaling is involved in the regulation of chitin and β-1,3- 
61
These two complex machineries require a fine and coordinated regulation system that is up to date 62 largely unknown in particular due to the lack of genetic tools for white-rot basidiomycetes. To test 63 whether the TOR pathway could be involved in regulating the secretion of enzymes involved in 64 lignocellulose decomposition, we tested the effect of rapamycin on Phanerochaete chrysosporium
Growth curve measurement 76 Germination of P. chrysosporium RP78 conidia was measured using a nephelometric reader 77 (NEPHELOstar Galaxy, BMG Labtech, Offenburg, Germany). For inocula, suspensions of spores were 78 obtained from 8 day-old mycelia grown on sporulation medium (Glucose (10 g.L -1 ), malt extract (10 79 g.L -1 ), peptone from potato (2 g.L -1 ); yeast extract (2 g.L -1 ), asparagine (1 g.L -1 ), KH 2 PO 4 (2 g.L -1 ), 1A ). In the tested conditions, controls without rapamycin displayed 182 a three-step growth curve, with a lag phase (t= 0h to 7.33h ± 0.5), followed by an exponential phase 183 (t= 7.33h ± 0.5 to 30.9h ± 2.7) and then a stationary phase (after t= 30.9h ± 2.7). The lowest tested 184 concentration of rapamycin (100 ng.mL -1 ) induced an increase both of the lag (37.7h ± 2.5 instead of 185 7.33h ± 0.5), and exponential (more than 30 hours instead of 20 hours) phases. Higher 186 concentrations of rapamycin (200 and 500 ng.mL -1 ) induced a similar growth pattern, increasing the 187 lag phase and decreasing the measured growth rates during the exponential phase. At 1 µg.mL -1 and 188 2 µg.mL -1 , rapamycin completely inhibited germination.
189
The effects of rapamycin were also tested on P. chrysosporium growing on solid medium. Three 190 different amounts of rapamycin dissolved in DMSO were dropped on Whatman paper dots placed 191 near P. chrysosporium growing mycelia to perform a diffusion test (Fig. 1B) . During that experiment, 192 growth was observed on control with DMSO but even the lowest amount of rapamycin tested (1 µg) 193 led to growth inhibition (Fig. 1B, S1_movie ).
194
Effect of TOR inhibition on the protein secretion in P. chrysosporium
195
The secretion of extracellular proteins plays an important role P. chrysosporium in for the 196 degradation of lignocellulosic material and toxic compounds. As TOR is known to control various 197 cellular processes through sensing nutritional factors such as sugar availability, the function of PcTOR 198 as a regulator of extracellular protein content was evaluated with or without glucose and rapamycin.
199
A first experiment was performed to obtain secreted proteins in liquid culture. A wild-type strain was 200 grown for 4 days on synthetic medium with 1% glucose. Then, the mycelium was transferred for 48 201 hours into fresh medium containing 1 % or 0 % of glucose, with or without 2 µg.mL -1 of rapamycin.
202
Analysis of dry weights of collected mycelia shows an effect of glucose on fungal growth. Rapamycin
Quantitatively, the effect of sugar is not visible on extracellular protein content and with or without 205 glucose there is a decrease due to rapamycin treatment in both tested nutritional conditions (Fig 2B) .
206
The β-glucosidase activity was also tested on those samples. With glucose, a decrease of β 207 glucosidase can be seen (Fig. 2C ). Glucose deprivation leads to an increase of that activity and 208 rapamycin could counter act that induction (Fig. 2C) . Taken together, those results indicate that in 209 these experimental conditions sugar deprivation is perceived, a response occurs and rapamycin acts 210 on the three tested parameters.
211
We used these experimental parameters to assess qualitatively the extracellular protein contents.
212
From the four treatments, the protein pattern of the secretomes on SDS-PAGE gels exhibited 213 differences in presence of rapamycin for both glucose and glucose-deprived conditions (Fig. 2D) . 
229
Identification of TOR and FKBP12 in P. chrysosporium
230
In previously studied organisms, rapamycin effect is due to its interaction with two partners: FKBP12 231 and the FRB domain of TOR (28) (Fig. 3B) , that leads to the inhibition of the TOR kinase activity. These Y97) are also conserved. S28, the mutation that is involved in rapamycin resistance in mammalian 263 cells can also be found in all the FRB tested even in both PcFRB (Fig. 3A) .
264
The FKBP12-rapamycin-TOR complexes involving FRB1 or FRB2 from P. chrysosporium was generated 265 by homology modeling using a human complex (pdb entry:1fap) followed by an energy minimization 266 ( Fig. 3B-C) . The total energy obtained from the YASARA Energy Minimization Server (26) were -32, 267 174 kcal/mol (score: -0.12) and -32, 257 kcal/mol (score: -0.12) for the refined complexes involving 268 FRB1 or FRB2, respectively. None of the 4 different residues between FRB1 (F29, H71, V86 and K91) 269 and FRB2 (Y29, I71, I86 and R91) are involved in complex formation and closed to the rapamycin binding site. Rapamycin is hydrogen bonded to the D38, G54, K55, I57 and Y83 residues from 271 PcFKBP12 (Fig; 3D -F) and also interacts through close contacts with aromatic residues as already 272 described (28). Among these aromatic residues, W93 and F100 residues from both FRB domains ( Fig.   273 3E-F) are required for interaction with rapamycin. This suggests that rapamycin can interact with the 274 two PcFRB domains.
275
Conservation of the TOR pathway in P. chrysosporium
276
In the fungal kingdom, the TOR pathway has been extensively studied in model yeast S. cerevisiae, S. 
282
Orthologs identified in P. chrysosporium by gene homology for these three parts are summarized in 283 Table 1 , 2 and 3 respectively.
284
TORC1 is known to control translation at different steps and its activity is sensitive to rapamycin 285 treatment while TORC2 is insensitive to rapamycin and controls actin cytoskeleton and cell wall 286 integrity (8, 9) . TORC1 and TORC2 have 2 proteins in common: the kinase TOR and a binding partner 287 called LST8 in S. cerevisiae or WAT1 in S. pombe. An ortholog, PcLST8, can be found in P.
288 chrysosporium ( we were able to find orthologs for those proteins (Table 3) . This result is in accordance with results 331 previously obtained in P. ostreatus but we were also able to find two orthologs for another target of 332 TORC2, YPK2, while none of them were found in P. ostreatus (16). Interestingly, the two identified 333 orthologs have an even better identity with GAD8, the target of TORC1 and TORC2 in S. pombe (Table   334 3). Altogether, these results suggest that TOR pathway from P. chrysosporium is closer related to S. 
469
Five days old liquid cultures of P. chrysosporium were transferred to fresh liquid medium for 48 hours 470 with or without glucose and with or without rapamycin.
471
A. Effect of glucose and rapamycin on dry weight of fungus cultivated in liquid medium. Represented 472
values are means ± SD with n= 6.
473
B. Effect of glucose and rapamycin on the concentration of proteins secreted in the liquid medium as 474 measured using Bradford assays. Values represented are means ± SD with n=3 475 C. Beta-glucosidase activity observed in the liquid culture medium containing the secreted enzymes. 476 The activity has been measured using fluorogenic assay. Values represented are means ± SD with 477 n=6.
478
Two asterisks (**) denote the statistical difference of the added rapamycin medium compare with 479 the control medium (p< 0.05) as determined by the two sample t-test at (A) and (B). Three asterisks 480 (***) and two of them (**) represent (p<0.001) and (p<0.01) as determined by the two sample t-test 481 at (C), respectively.
